This paper investigates the determinants of specialisation in 7 European countries and 4 major industrial sectors in the last 20 years. Next to the impact of traditional factors such as productivity and the endowment of labour and capital, we look at the importance of accounting for capital heterogeneity, by distinguishing between ICT and non-ICT assets, and for intangible capital such as skills and R&D. Our results show that intangible capital and innovation play an important part in increasing the value added shares of the Manufacturing sector while ICT capital increases the share of the Service industry.
Introduction
In one of the earliest discussions on patterns of specialisation, Clark (1957) emphasises the link between income spending and specialization of production: at low income levels, a large share of income is spent on the consumption of inferior or normal goods. As income increases, consumption gradually shifts from inferior to superior goods. In a similar manner, countries at the initial stage of development are characterised by relatively high shares of manufacturing production while, as countries develop further, they move away from manufacturing towards the production of services. This pattern has characterised the development of many European countries, which experienced a very fast pace of industrialisation since the end of the second world war, followed by a decline in manufacturing production in the last three decades. Hence deindustrialisation and specialisation can be analysed within a common framework.
The reasons behind the gradual decrease in the share of manufacturing are not always clear and the existing literature has put forward several possible causes. One explanation relies on the impact of external forces such as the growth of the west-east trade, outsourcing and migration flows. However, internal factors such as productivity and factor endowment appear to play a relatively more important role (Rowthorn and Ramaswamy 1999) . Hence, the traditional forces of specialisation and international trade, summarised in the Ricardian and the Heckscher-Olin models, are gaining new impetus (Cadot et al. 2007) .
Another strand of literature has investigated the importance of innovation on productivity performance and in particular on the role of ICT and intangible assets (O'Mahony and Vecchi 2005 , Corrado, Hulten and Sichel 2005 . Empirical evidence has shown that in the US and to a lesser extent in Europe, increasing investments in ICT has gone hand in hand with increasing productivity, particularly in the service sector (O'Mahony and Van Ark 2003) . Intangible assets, such as R&D and human capital, affect productivity by stimulating innovation and by facilitating the absorption of innovation developed elsewhere (Griffith et al. main results show that the availability of highly skilled male workers and investments in ICT capital are the main drivers of the de-industrialisation process. Investments in R&D and technology are the driving forces against de-industrialisation. We also find the presence of interesting cross-industry technology effects, suggesting the presence of spillovers within sectors.
The paper is organised as follows: section 2 presents the analytical framework, which is our basis for deriving the empirical specification. Section 3 discusses the data sources as well as the construction of the main variables used in the empirical analysis. Section 4 presents the econometric specification and the estimation results. Section 5 concludes the paper and discusses possible policy implications.
Analytical framework -Sources of Specialisation
Our theoretical framework follows Dixit and Norman (1980) in specifying a neoclassical model of specialisation where national income is a function of factor endowments and final good prices. The income function is written as:
where Y is national income, P is a vector of prices and V is a vector of national factor endowments. The function is homogeneous of degree one in P and V. Under the assumptions of continuity and twice differentiability, the gradient of (1) with respect to prices is equal to the amount of output that maximises national income. Assuming that technology is identical across countries, international specialisation is driven by differences in P and V. However, substantial evidence of cross-country productivity differences (see among many others Dollar and Wolff (1993) , Harrigan (1999) , O'Mahony and Van Aark (2003) ) dictates that the effect of technology on the pattern of specialisation requires a more systematic treatment.
Trefler (1995) models technological differences as sector neutral and country specific adjusting factor endowments in productivity units. Although, this approach identifies how technological differences affect absolute advantage is silent about the impact of productivity on comparative advantage. Harrigan (1997) augments equation (1) with a technological parameter θ, which represents technological differences at the industry level. This parameter introduces technology in a Hicks-neutral manner implying that with the same amount of inputs, industry i in country c at year t is  times more productive than a reference point. 1
Following the standard neoclassical approach, we construct a relative Total Factor Productivity (RTFP) index to account for technological differences.
The augmentation of (1) with a technological parameter leads to the following revenue function:
is a diagonal matrix of Hicks-neutral technological parameters of industries i….I. The differentiation of (2) with respect to i  establishes the elasticity of industry i's output with respect to technical efficiency:
Following Woodland (1982) and Kohli (1991) , the revenue function takes a second order translog form as follows: 00 0 , 0 , , 1 ln ( , ) ln ln ln ln 2 1 ln ln ln ln 2
where the summations in i and k refer to industries running from 1 to I and summations in j and m refer to factor endowments running from j to J. Assuming symmetry in cross effects we 1 In the construction of the technological parameter, we show that the reference point is an arithmetic mean of all observations included in the sample. 2 According to Trefler's (1995) methodology in modelling technological differences, the revenue function is expressed as: 
Differentiating (4) with respect to p i (after adding country subscripts), we obtain the share of industry i's to GDP: 3 
The interpretation of (5) is that industry i's output share (s) to country c's GDP is a function of technology (θ), prices of final goods (p) and factor endowments (V). 4 Equation (5) can be simplified assuming that differences in relative prices can be replaced by a set of time dummies. Finally, to obtain our empirical model, we augment equation (5) with a wellbehaved error term: 
where D refers to time fixed effects and u is a residual with zero mean and constant variance.
Intuitively, we present an equilibrium relationship in which sectoral production depends on nation-wide factor endowments and industry specific productivity. As discussed in the introduction, the set of factor endowments used in our analysis include tangible and intangible capital and heterogeneous labour supplies.
3 Cadot et al. (2007) represent in detail how the homogeneity restrictions provided above can be reformulated in order to express all the determinants of specialisation relative to a reference value. In the empirical model of the present paper national factor supplies are normalised relative to each country's endowment of labour. 4 The assumptions of equal cross-country prices due to free trade and common cross-country technology leads to a reduced version of (5) where both second and third terms are replaced by a set of time and country dummies. This transformation is used for testing the original H-O model with factor supplies as the sole determinant of specialisation (Redding and Vera-Martin 2001) .
Data and Measurement issues.

Coverage of Countries and Industries
The empirical implementation of equation (6) Services the increase in value added shares is more pronounced in all countries. To get more insights into changes in the industry structure in the 7 countries we plot the movements in the value added shares over time in figures 1-4. Consistently with prior expectations, the value added shares in the Agriculture have been characterised by a declining trend throughout the period (Figure 1 ). In Manufacturing, most countries experience a decline in value added shares throughout the period too. However, Finland breaks the declining trend and its shares start increasing in the early 1990s and remain at relatively high levels throughout 
National Factor Supplies
The group of economy-wide factor supplies consists of tangible assets (labour, capital, energy and land) and intangible assets (R&D capital). Data on labour is provided by the Barro-Lee (2001) data set, which classifies labour force into six categories using information on educational attainment and gender. Specifically for each gender group we are able to distinguish: (i) the share of labour force with primary education, (ii) the share of labour force with secondary education and (iii) the share of labour force with tertiary education. With the introduction of a gender classification, we aim at capturing the effect that male and female workers have on average unobservable skills. Information on skills allows the evaluation of the impact of human capital, another intangible asset, on international specialisation. Over the past 30 years the supply of skilled labour has increased dramatically in all countries, as the result of an increasing number of students entering higher education in most developed economies (Autor et al. 1998 ). These trends in skills endowment can have an important impact on specialisation.
Average trends in labour endowments are very similar across countries. In general the data show that men tend to be more highly educated than women but the differences are fairly small particularly at the end of our sample period. The share of female with tertiary education has in fact experienced the largest increase and has filled the gap with the male labour force.
Austria, Finland and Germany have seen the highest increase in the proportion of women with higher education. For both males and females, the increase in the proportion of highly skilled has been matched by a decrease in the proportion of the population with low skills.
Changes in the proportion of the labour force with secondary education have been less noticeable 5 . Table 2 Educational characteristics of the labour force. Shares in total male/female population.
year 1981 2003 1981 2003 1981 2003 1981 2003 1981 2003 1981 2003 1981 2003 Source: Barro and Lee (2000) Information on capital stock is obtained from the EU-KLEMS data base. 6 Capital stock is measured by capital service flows and is constructed using information on investment at current and constant prices from six asset types: computers, communication equipment and software (ICT capital), transport equipment, other non-ICT machinery and equipment and non-res. Data on R&D expenditure is Gross Domestic Expenditure on R&D (GERD) from the OECD STAN indicators. R&D expenditure is converted into a stock measure using a perpetual inventory method, assuming a pre-sample growth rate of 5% and a depreciation rate of 15% (Hall 1990) . Finally, the International Energy Agency is our source of energy data.
This refers to various energy factors converted into oil equivalent 7 . Additional information on factor supplies data are discussed in the Appendix. 
Measurement of Relative Total Factor Productivity (RTFP)
Our measure of Hicks-neutral technology is Total Factor Productivity index. The construction of this index follows the methodology suggested by Caves et al. (1982) , Van Ark and Pilat (1993) and Harrigan (1999) . The derivation of this index is based on the assumption that value added is produced by two heterogeneous inputs, labour (L), and capital (K) whose structure is explained in the following sub-sections. The methodology adopted in this analysis accounts for differences in quantity and quality of the inputs in the different countries. The current measure of TFP is based on the standard neoclassical assumptions of perfect competition and constant returns to scale. TFP in each country is expressed relative to a hypothetical frontier or reference country. The latter is the average level of TFP in the 9 countries in each industry. For each industry i of country c at year t the production function is written as:
Assuming a Cobb-Douglas production technology, we can re-write equation 6.0 as follows:
The technology parameter A is measured by an index of total factor productivity.
We define the production function of the reference country as:
The bar over a variable indicates the geometric average of all observations in an individual industry i for year t. Therefore, the logarithmic expression of RTFP (relative total factor productivity) is given by:
The labour share  is measured as the ratio of labour compensation to value added.
The weighted variable , , , , Labour input in equation (7) accounts for heterogeneous labour by aggregating three types of workers using a translog index: 3 , , , , , ,
The three types of labour are identified according to their educational attainment, so we distinguish low-skilled labour (i.e. degree from primary or lower education), medium skilled (i.e. degree from secondary education) and high skilled labour (degree from University or post-graduate qualifications). 9 Share  is a weighted measure of the share of each labour type z in total labour compensation defined as:
where the weight is given by the arithmetic mean of all observations in industry i at year t. Smaller case l denotes the total number of hours worked for each individual labour type. 8 There are limitations with the use of a GDP PPP-exchange rate conversion method if one takes into account that prices differ across sectors in the economy. Provided that PPP-exchange rates for a disaggregate industry level are not available for a long time series, we believe that the method used is the best alternative. 9 The division of labour according to the level of educational attainment can cause some problems as the educational system has been subject to changes over time. The method used from EU-KLEMS ensures that this division is consistent over time for each country. A more detailed discussion about the definitions of labour types is provided in the Appendix. See also O'Mahony and Timmer (2009) . .
Similarly to the labour input, we use a translog index to calculate the measure of capital input in equation (7) . Variable A stands for the stock measure of each asset as calculated from the perpetual inventory method:
Symbol  indicates the degree of physical depreciation for capital asset land I is real investment in this asset. The formula used to initiate the series is given by:
where i g l is the average growth rate of investment in asset l over the whole sample. For the pattern of physical depreciation rate, we follow the methodology of geometric depreciation suggested by Jorgenson et al. (2005) . Accordingly, the depreciation rate for ICT assets is common for all industries and set equal to 0.215, which is the average value of the depreciation rate of computers (0.315) and software (0.011). For non-ICT capital assets, the depreciation rate varies both across assets and across industries, indicatively we mention here the rates of depreciation for the total economy, which are 0.18 for transport equipment, 0.126 for machinery, 0.011 for residential construction and 0.031 for non-residential construction . 10
Methodological and specification issues.
Our empirical analysis is based on the estimation of equation (6) by pooling data for the 7 countries over the period 1981-2003. We estimate (6) separately for each of the four sectors using a Fixed Effect estimator to control for unobserved country heterogeneity. As already mentioned equation (6) represents a long term equilibrium relationship. Nonetheless, this is only a theoretical consideration and we need to check the empirical validity of this argument.
The sector shares, defined as the shares of industry value added to total value added for the whole economy, are restricted to be between zero and one implying that this variable cannot follow a random walk. However, in a finite sample of 23 years as it is in the current study, sectoral value added shares are likely to behave like a unit root. Figures 1-4 Another underlying assumption of the model specified in (6) is that factors of production can freely move across sectors. In real terms, the adjustment of sectoral output with response to the reallocation process of production factors is implemented with time hysteresis. In that case, equation (6) represents only the static effect between factor endowments and value added shares. To capture the dynamics of specialisation we allow for slow adjustment in long-term equilibrium as follows:
, , 1 0, , , , , , 1 1 2 1, , ln ln to the presence of the lagged dependent variable on the right hand side of equation (9), Therefore we also present results based on an instrumental variable estimator which are discussed in detail in the following section.
Results and discussion
The results for the static model ( Theoretical predictions require symmetry in the cross-sector technology effects and positive within sector coefficients. In our study, we do not impose the symmetry condition, leaving the analysis to determine the strength of the cross-sector technology effects.
Consistently with the theory, own industry technology effects are positive and significant in all sectors under investigation. Such effects are particularly large in Manufacturing which emphasises the importance of productivity improvements and innovations in affecting the value added shares of this sector. Cross-industry effects are in many cases negative but not always significant justifying the Ricardian notion of comparative advantage that an increase in relative productivity of one sector increases its output share while shrinking the output share of the rival sector. Although, the statistical robustness of this result is not always strong, a similar pattern is also documented in the existing evidence (Harrigan 1997 (Triplett and Bosworth, 2004 , van Ark et al., 2003 . Abundance in non-ICT capital drives resources away from Manufacturing and into the Financial Intermediation sector. This result, which is consistent across the different specifications, goes against our expectations, as fixed capital should contribute to the growth of the Manufacturing sector. However, we have to bear in mind that two sources of unaccounted heterogeneity might affect this result: heterogeneity in the capital stock across industries, which is neglected in our measure of (country level) capital endowment, and heterogeneity in the impact of capital on the shares of individual manufacturing industries. Negative capital coefficients are in fact found, for example, in some of the industries analysed in Harrigan (1997) and Cadot et al. (2007) .
Turning now to intangible factor endowments, our results show that R&D capital stock positively affects Manufacturing value added shares while driving resources away from Business Services and Agriculture. A 10% increase in R&D capital contributes to a 0.74% increase in Manufacturing production, a sizeable effect. The decomposition of the labour force according to gender and educational attainment also underlines some interesting findings. Results in table 4 show that larger endowments of highly educated male workers contribute to the growth of the Business Service sector while females with tertiary education are positively associated with larger shares in Agriculture, together with females with primary education. Female workers with primary and secondary education are also positively associated with increasing manufacturing shares. Energy endowment has a positive effect on
Manufacturing although the effect is not statistically significant, and a negative effect on the relative size of the Financial Intermediation and Business Services sectors.
To address the issue of endogeneity of relative TFP we compare the fixed effect estimates with a Two Stage Least Square estimator (2SLS). Results are presented in table 5.
Finding reliable instruments is not an easy task. Valid instruments should fulfil two conditions: they must be correlated with the endogenous variables and be orthogonal to the error term. We do not use the common strategy to apply as instruments the higher order lags of the endogenous variables; instead we instrument relative TFP with a set of exogenous instruments, namely nominal exchange rates, oil prices and tax on oil prices. Assuming that technology is correlated both across and within countries we can use the lagged cross sectional mean of relative TFP as an instrument: reject the null hypothesis at the 5% significance level. Therefore, in the reminder of the paper we will mainly rely on the Fixed Effect estimator.
As already discussed in section 4.1, we allow for a time lag in the way resources are reallocated across different sectors within the economy, by estimating the dynamic model, as in equation (9). Results for the FE model are presented in table 6 Although, institutional factors are likely to be the main reasons behind the different dynamic changes, note that Business services sector has many peculiarities that might prevent a rapid adjustment For example this sector includes many R&D activities whose outcomes take time to be implemented and to affect output shares . Additionally, R&D activities might be associated with some protectionism (patents, copyrights etc.) that create barriers to entry in this industry. An in depth analysis of these issues is beyond the scope of the present paper but it is a possible avenue for future research. 
Conclusion
The Ricardian theory of international trade sees productivity as the main source of international specialisation and trade. Countries will export those goods they produce more efficiently. The H.O.V. theory claims that factor endowments are the main source of international specialisation. Our theoretical model has considered Ricardian and H-O-V forces in a unifying framework. Our analysis has confirmed the validity of both theoretical approaches; additionally it has emphasised the importance of accounting for different types of capital assets to understand changes in the industry structure.
Our results show that relative TFP, used as an indicator of productivity, increases shares in all sectors and particularly in Manufacturing. This, together with the results of a positive relationship between R&D capital, Manufacturing shares suggests that the size of the Manufacturing sector is particularly correlated with innovative activities. We also find positive and significant cross-sector productivity effects, which suggests the importance of the interactions of the different sectors of the economy.
Accounting for different types of capital assets has shed more light on the forces behind the process of de-industrialisation/specialisation. Specifically, while R&D capital plays an important role in increasing shares in the Manufacturing sector, endowment of ICT capital and skilled male labour affect the shares of the Service sector. This has concrete policy implications, providing main drivers to changes in the industry structure.
Is deindustrialisation a worrying phenomenon? According to the traditional view, exposed by Baumol (1967), labour productivity growth will decline once a country move away from manufacturing towards the service sector, partly because the service sector is labour intensive and partly because the output in this sector is more difficult to measure.
Against this view is the recent US experience where the service sector has been considered the main driver of productivity resurgence in the 1990s (Triplett and Bosworth 2004, Inklaar et al. 2008 ). However, the development of the Service sector in the US has greatly benefited from the innovative technology developed within Manufacturing. Therefore the deindustrialisation process becomes an issue if it leads to a decrease in R&D investments and innovations.
Appendix Notes: *** = significant at 1%, ** = significant at 5%, * = significant at 10%. Heteroskedasticity robust standard errors in brackets. The Kleibergen-Paap LM statistic is the heteroskedasticity robust test of underidentification. The null hypothesis is that the equation is underidentified. The Hansen J test is the appropriate test of overidentyfing restrictions in the presence of heteroskedasticity. The null hypothesis is that all instruments are valid. The Hausman test checks for the consistency of the 2SLS estimator against the efficiency of the FE. Under the null hypothesis the FE is consistent and unbiased
